Cysteine ligand swapping on a deletable loop of the [2Fe-2S] ferredoxin from Clostridium pasteurianum.
The [2Fe-2S] ferredoxin from Clostridium pasteurianum is unique among ferredoxins, both by its sequence and by the distribution of its cysteine residues (in positions 11, 14, 24, 56, and 60). In previous investigations, a combination of site-directed mutagenesis and of spectroscopic techniques showed that cysteines 11, 56, and 60 are ligands of the [2Fe-2S] cluster in the wild type protein and that cysteine 14 is not, but the status of cysteine 24 remained unclear. New mutated forms of this ferredoxin have been obtained and characterized. The data show that cysteine 24 is a ligand of the cluster in the wild type protein. When cysteine 24 is mutated into alanine, it is replaced as a cluster ligand by cysteine 14. The fourth ligand of the cluster can also be a cysteine residue newly introduced in position 16 when both cysteines 14 and 24 are replaced by alanine. These results suggest that the region encompassing cysteines 14 and 24 is a solvent-exposed flexible loop, in agreement with structure predictions. A number of nondeleterious deletions of variable length (3-14 residues) have been performed in the region of residues 17-32. The deletions were found to modify only marginally the spectroscopic properties of the [2Fe-2S] cluster but resulted in variations of its redox potential over a range of nearly 100 mV. This is the first instance of ligand swapping in a [2Fe-2S] protein, and the first time in any ferredoxin that a large loop has been excised from the structure without preventing the assembly of the iron-sulfur chromophore. Some of the molecular variants described here also highlight the similarities between the C. pasteurianum [2Fe-2S] ferredoxin and the 25 kDa subunit of the proton-translocating NADH: ubiquinone oxidoreductase of Paracoccus denitrificans.